We evaluate the educational returns to General Educational Development (GED) certification using state administrative data. We use fuzzy regression discontinuity (FRD) methods to account for the fact that GED test takers can repeatedly retake the test until they pass it and the fact that test takers have to pass all five subtests before receiving the GED. We find that the GED increases the likelihood of postsecondary attendance and course completion substantially, but the GED impact on overall credits completed is modest: The GED causes an average increment of only two credits for men and six credits for women. * Corresponding author. We thank participants in seminars at
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I. Introduction
Many postsecondary institutions require high school graduation or high school equivalency certification for admission to degree-seeking programs. Such certification therefore may be an important path to obtaining labor-market skills for high-school dropouts. However, the extent of such benefits is not clear, as many of those with certification do not successfully pursue schooling or training options, and dropouts who do not obtain certification often have access to alternative postsecondary educational opportunities.
Until 2014, the General Educational Development (GED) test provided the sole means of high school equivalency certification supported by states, and it was the most widely accepted alternative to a high school diploma for admission to degree-seeking programs at postsecondary institutions. Because GED test takers can repeatedly retake the test until they pass it, our previous analyses utilize a fuzzy regression discontinuity (FRD) design based on the discontinuity in the first GED test attempt (Jepsen, Mueser, and Troske, 2016) . This technique provides an estimate of the impact of the GED for individuals who are near the cutoff for passing the GED test, while also allowing us to remove possible bias that results from retaking the test.
In this paper, we provide three extensions to our previous work. First, we investigate the counterintuitive result that the GED is associated with an increase in the likelihood of attending postsecondary education, but the GED does not improve earnings or employment. Specifically, we look at multiple education outcomes to understand in much greater depth how and to what extent the GED improves postsecondary education outcomes.
Second, because GED test takers need to receive a minimum score on each of the five subtests that make up the GED, as well as receiving an overall minimum score, before obtaining GED certification, we estimate a multiple-discontinuity FRD model that includes the lowest 2 subtest score discontinuity in addition to the overall test score discontinuity. We also estimate an FRD model based solely on the discontinuity in passing the GED generated by the overall test score, the model estimated in Jepsen et al. (2016) . The two approaches yield similar results.
We find sizable, positive effects of the GED on the likelihood of attendance at a public postsecondary institution: nearly five percentage points for men and ten percentage points for women. The GED effect on course completion is of a similar magnitude, suggesting that completing postsecondary courses taken is not a major challenge for GED test takers who begin a course. However, the GED impact on the average amount of human capital obtained is quite low: less than one class for men and just under two classes for women. We find no effect of a GED on receipt of a certificate, diploma or degree. Fewer than five percent of GED test takers receive any type of postsecondary award.
Our third contribution is to build on recent work in the regression discontinuity literature that investigates the likelihood that the results may generalize beyond the population of compliers at the discontinuity (Bertanha and Imbens, 2014; DiNardo and Lee, 2011) . For outcomes in the first year after the initial GED test attempt, statistical tests suggest that our results may well be applicable to individuals in the full population of test takers. Although these statistical tests do not suggest that GED effects on outcomes observed after the first year necessarily apply to the full population, we do find evidence that they very likely apply to individuals near the passing threshold, not just "compliers," which the FRD focuses on.
II. GED Literature
Early work on the GED uses survey data from the National Longitudinal Survey of Youth (NLSY) and High School and Beyond (HSB) survey. Most of these papers focus on the labormarket returns to the GED; see, for example, Cameron and Heckman (1993) , Heckman and LaFontaine (2006) , Boudett (1995, 1999) , Tyler (2004) , and Heckman, Humphries, and Kautz (2014) .
Fewer studies look at the educational returns to the GED. Cameron and Heckman (1993) , Tyler, Murnane, and Willett (2003) , Heckman and LaFontaine (2006) , Heckman, Humphries, and Mader (2011), and Heckman, Humphries, and Kautz (2014) estimate the raw differences in postsecondary schooling between high school graduates and GED recipients. Murnane, Willett, and Boudett (1997) apply models that use NLSY GED recipients and high school dropouts to estimate the impact of the GED on postsecondary education and training.
They include multiple years of data for each person and estimate a random-effects probit model to account for person-specific correlations in unobservables. The authors find modest, positive effects of GED certification on postsecondary attendance and other training for both men and women, although they find that fewer than half of GED recipients participate at all. Tyler and Lofstrom (2010) use administrative data on eighth-grade students in Texas to study the effects of the GED on postsecondary education. They compare GED recipients with high school graduates, controlling for differences in the likelihoods of dropping out of high school based on cognitive and noncognitive skills. They find that high school graduates are much more likely to pursue postsecondary education than GED recipients with similar probabilities of dropping out of high school. Patterson, Song, and Zhang (2009) provide a descriptive analysis of postsecondary education attendance among a random sample of GED test takers. They find that test takers who receive GED certification have higher attendance rates than test takers who do not obtain certification, but 77 percent of GED test takers who attend postsecondary institutions only attend for one semester. Nearly 80 percent of attendees go to public two-year institutions.
Our analysis provides several contributions to the GED literature. Few papers explicitly study the causal effect of the GED on postsecondary education. Most, such as Heckman et al.
(2014), provide descriptive comparisons of educational outcomes between GED recipients and dropouts and/or high school graduates, as opposed to regression-based analyses of the impact of the GED on these outcomes. None of these papers uses a regression discontinuity analysis of the GED's effects on education outcomes. The results in Murnane et al. (1997) are limited by a lack of recent data and small samples, roughly 300 GED recipients and 300 high school dropouts of each gender. In contrast, in our analyses we use administrative data from a single state for nearly 100,000 individuals who took the GED between 1995 and 2005. We match these data with education data covering the period 1995 to 2009, providing us with education data for several years after individuals took the GED.
We also look in more detail at education outcomes. In addition to the dichotomous attendance decision, we look at course completion, the number of credits earned, and whether an award such as a certificate or degree is received. We also distinguish between attendance at twoyear and four-year institutions.
We contribute to the RD literature by presenting a model that includes multiple discontinuities in a fuzzy RD setting. Previous RD papers on multiple discontinuities focus 5 solely on sharp rather than fuzzy discontinuities (see, for instance, Papay, Murnane, and Willett, 2011; Reardon and Robinson, 2012; and Wong, Steiner, and Cook, 2013) .
III. GED Test and GED Data
Each state maintains a testing program providing high school equivalency certification for dropouts. Up through 2013, all states used the GED test, and, although passing criteria in the 1990s differed in minor ways across states, such differences had all but disappeared by the turn of the century. The focus here is on the GED test taken by test takers in Missouri during the period 1995-2005. Although new tests were adopted in 2014 in all states, the basic structure of the testing program, and in particular the ability of test takers to take the test multiple times, remains unchanged.
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During the period of our analysis, the GED test consisted of five subtests: reading, writing, social studies, science, and mathematics, with a maximum time for completion set at 7.5 hours. GED certification required minimum scores on each subtest as well as a minimum combined score across the five subjects of 2250 out of a maximum of 4000. Thus, test takers could score above 2250 on the test but still not obtain GED certification if they failed to obtain the minimum score on each subtest. Test takers could also score above the minimum on each subtest but still not receive a GED if their combined test score does not equal or exceed 2250. An individual's GED score at any given time was based on a composite of all subtests taken over a two-year period, where the score on each subtest was the highest score over that period; that is, the score from any given GED subtest attempt contributed to GED certification for two years 1 Beginning in 2014, a new version of the GED test, which changed the structure of its subtests, became available. This new version was adopted as the exclusive measure of high school equivalency by 36 states, but other states substituted alternative high school equivalency tests or allowed test takers a choice. (available from the authors upon request), we find that the estimated GED impact is qualitatively similar, although less precisely estimated, in each time period (1995-2001 and 2002-2005 
Test Score: Examining Discontinuities
Because the "final" GED test score -obtained by combining the highest subtests taken over a two-year period -is the primary factor that determines GED certification, it is an obvious candidate for a conventional regression discontinuity analysis. However, this approach ignores both the fact that some of those whose scores meet the overall test score threshold do not satisfy the minimum on each of the subtest scores, and that some individuals retake the test.
Justification for this approach rests on the observation that 90-95 percent of those whose overall test scores exceeds the threshold also pass the subtest minimum, and that only about one in seven test takers retakes the test. Jepsen et al. (2016) show that the final test score is not a valid candidate for a regression discontinuity analysis (sharp or fuzzy). Figure 1 shows the distribution of final GED test scores.
Specifically, the figure contains fitted values from a local linear regression that is based on a triangular kernel with a bandwidth covering eight scores (80 points), allowing for a discontinuity just below 2250. 5 The log discontinuity in the density of final test scores is close to 1.0, implying that the density to the right of 2250 is nearly three times that of that immediately to the left, a difference that is easily statistically significant at the 0.1 percent level (p<0.001). 
IV. Fuzzy Regression Discontinuity Methods
Single-Discontinuity Design 6
Because individuals above the test threshold are appreciably more likely to receive GED certification than those below, these data are appropriate for a fuzzy regression discontinuity (FRD) design for estimating the GED impact for individuals near that test threshold. In our context, the equation predicting GED certification is written:
where T is the total score on the first GED test, Dr is a dummy indicating whether that score equals or exceeds the passing threshold, Dl is a dummy indicating whether that score is below the passing threshold, p indicates the order of the polynomial, and X is a vector with the following set of covariates: earnings in four quarters prior to first GED attempt, age, age squared, race, semester of the year (fall, spring, or summer), and dummies for the year the first test was taken.
For simplicity, we report the results from the quadratic model where p=2. 7 Greek letters identify estimated parameters, and wrl  indicates the discontinuity at the threshold.
The analogous equation predicting the outcome variable is written:
+ . 6 The formal model presented here follows closely from that presented in Imbens and Lemieux (2008 ), McCrary (2008 ), and Jepsen et al. (2016 . 7 The results from the cubic model (p=3) are less precisely estimated but show a similar pattern.
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The estimate of the GED's impact is based on the relative size of the regression discontinuities estimated in equations (1) and (2). Assuming that the discontinuity in (1) induces the discontinuity in equation (2), the impact of the GED can be written:
Hahn, Todd and van der Kaauw (2001) show that the FRD can be formulated as an instrumental variables (IV) system, where the treatment variable (GED certification here) is instrumented with dummy variables capturing the discontinuity. Equation (1) is the first-stage equation. The outcome variable can be fitted with the following specification:
where ̂ is the predicted value from equation (1). If the polynomial is of the same order in equations (1) and (4), estimates of  based on equations (1) through (3) are numerically identical to those based on equations (1) and (4).
Multiple-Discontinuity Design
The approach above focuses on the overall GED test score, but it ignores the fact that individuals who have scores at or above 2250 face a discontinuity based on their subtest scores.
Furthermore, it ignores the fact that those individuals who have subtest scores that are below the subtest threshold do not obtain GED certification even if their overall scores exceed the threshold, in contrast to those with higher subtest scores. It is possible to identify sharper discontinuities based on both the total score and the lowest subtest score, essentially generalizing the FRD design to multiple dimensions.
If we create separate variables identifying whether GED overall and subtest scores meet these two criteria, the interaction between these measures identifies individuals who receive GED certification on the basis of their initial test performance. The model does not, however, conform to a sharp RD design -even if reinterpreted in two dimensions -because those who fail to meet one of the criteria may still obtain GED certification when they retake the exam. This complication also opens up the possibility that there may be multiple discontinuities that are not present in a sharp RD design. For example, when an individual has not exceeded the overall score threshold, if multiple test taking cannot occur, the subtest threshold is irrelevant. Given the possibility of retaking the test, a subtest threshold may well influence GED certification even when the overall score falls short because those who meet the subtest criteria will have an easier time meeting the joint criteria on future tries.
Whereas the conventional FRD (or RD) setup focuses only on properly identifying the functional form of a single variable, here the functional form is multivariate. In addition to controlling for the additive impact of the overall and subtest scores, it may be necessary to recognize that the overall score and each subtest score (not just the criteria) may interact with each other. In the specification below, we therefore include continuous interactions between the overall test score and the lowest subtest score, distinguishing whether either score is above or below the threshold.
Combining these considerations, the specification for the equation predicting GED certification, can be written:
where the dummy variable DTl (DTr) identifies values below (equal to or above) the cutoff on the overall score, and DSl (DSr) identifies values below (equal to or above) the cutoff on the lowest subtest score. T continues to designate the total score, and S is the lowest subtest score, with the subtest threshold c. functions are of order p, and we will consider p=2 (quadratic).
In fitting the corresponding outcome function, the structure parallels this closely, except that discontinuities are omitted because they are the excluded instruments used for identifying the model. The outcome equation is therefore written as:
Estimated coefficients are analogous to those in (5).
Identification comes from the fact that the function in equation (6) is smooth in the overall test score and subtest score in the neighborhood of the thresholds, reflecting our belief that a continuous function will identify the relationship between test scores and earnings in the absence of GED certification, whereas the function determining GED receipt in equation (5) is not. As in the case of the single-dimension FRD model introduced above, the impact estimate is identified solely by the points of discontinuity, and the model fits the other relationships quite flexibly.
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An implicit assumption in equations (5) and (6) is that the effect of the lowest subtest is the same across all five subtests. For example, we assume that the discontinuity and its subsequent impact on outcomes is the same for individuals whose lowest subtest is mathematics and those for whom the lowest subtest is reading. The data indicate that, conditional on failing to pass at least one subtest, test takers are most likely to fail the math subtest, followed by the writing subtest; test takers are approximately equally likely to fail the other three subtests.
However, when we modify the specification to allow separate effects for each of the five subtests, the results in the outcome equations are quite similar to those obtained from equations (5) and (6) In each case, we identify GED certification at the time when the dependent variable is measured. For example, in examining enrollment in a particular semester, the GED certification is identified at the beginning of that semester. For cumulative outcomes such as total credits, GED certification is measured as of the beginning of the fifteenth semester. of men and one-third of women attend postsecondary education and complete a class. The average number of credits earned in the regression sample is 6.5 for men and 11.6 for women.
Only two percent of men and under five percent of women receive a postsecondary award.
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V. Results
Figure 2 illustrates the estimation methods underlying equations (1) and (2). The top panel is for men, and the bottom panel is for women. The figure contains the likelihood of GED receipt and the total number of credits received across all semesters, both as functions of first GED test score. For both men and women, the discontinuity assumed in equation (1) Appendix Table   B5 . The dependent variable is a dichotomous variable for passing the GED test, and the model is estimated as a linear regression. Note that the first-stage estimates for all second-stage outcomes (attendance, completion, and credits) are identical for a given semester because they are all based on the same sample and the same first-stage regression. 11 The discontinuity at the threshold is associated with a 34 percentage point increase in the likelihood that men obtain GED certification, whereas the number for women is 30 percentage points (see estimates for "discontinuity," which is denoted as αwrl in equation (1)). All the variables are significant at the one-percent level (two-sided test).
12 Table A .1 contains results from the multiple-discontinuity regression in equation (5).
Being above the cutoff for both discontinuities is associated with increases in the likelihood of receiving the GED of 54 percentage points for men and 48 percentage points for women. Even though all students who are above the cutoff for both discontinuities receive the GED, the discontinuity is below 100 percent because students below the cutoff are able to pass the GED by retaking it. The coefficients for DTl DSr indicates that, even for those who have not passed the overall score requirement, if the lowest subtest score is just above the threshold this is associated with a 17 percentage point increase (18 for women) in the likelihood of receiving the GED.
Similarly, the coefficient on DTr DSl indicates that being just above the overall threshold increases the chance of GED receipt by about 8 percentage points (2.5 for women) even for those whose lowest subtest score does not exceed the required minimum. Table 3 contains parameter estimates for the GED impact based on the single discontinuity as in equation (4) and the multiple discontinuities as in equation (6). The dependent variable is a dummy variable for public postsecondary attendance in each semester.
The impact, τ, is identified by the discontinuity in ̂ as shown in the equations. IV models are estimated using least squares regression models in each stage even when the dependent variable is binary. The coefficient and standard error are from a separate regression for each semester and sex. Standard errors are not clustered by GED test score, as suggested by Lee and Card (2008) , because such clustering actually produces smaller standard errors.
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12 All significance tests referenced below are two-sided tests. 13 We do not report Huber-White robust standard errors because using the "robust" command in Stata also produces smaller standard errors than those reported in the tables. Thus, we use the non-clustered, non-robust standard errors For men, the GED is positively associated with postsecondary attendance in the first three semesters after taking the GED test, with significant effects in semesters 4 and 5 for the multiplediscontinuity model only. The coefficient is 2.8 to 3.0 percentage points in the first semester, 4.1 to 4.7 percentage points in the second semester, and 4.5 percentage points in the third semester.
For semesters 4 and 5, the coefficient is 1.4 to 1.8 percentage points in the single-discontinuity model and 2.6 percentage points in the multiple-discontinuity model. After two years (six semesters), the GED effect is close to zero and is not statistically significant even at the 10-percent level. The GED is associated with roughly a ten-percentage point increase in the likelihood of attendance at any time during the 15 semesters.
For women, the GED impact is larger and persists for more semesters. 15 As with men, the largest coefficient is two semesters after the test, with a coefficient of 9.0 to 9.6 percentage points. In each of the first six semesters, the effect is positive and statistically significant at either the five-or ten-percent level, and the effects in semesters 8 and 9 are significant only in the multiple-discontinuity model. For semesters 10 through 15, the effect is 2.0 percentage points or less and is never statistically significant at the ten-percent level. The effect on attending at any point during the 15 semesters is approximately 20 percentage points.
In summary, for both men and women, the GED is associated with an initial increase, sometimes sizable, in postsecondary attendance for individuals near the passing threshold, but this increase fades after one to two years. 16 The point estimates are generally similar between because these standard errors are the largest, allowing us to be conservative in our estimated precision of the GED impact. 14 Note that the results in Table 3 measure postsecondary attendance in terms of semesters, whereas the results in Jepsen et al. (2016) measure all outcomes, including postsecondary attendance, in terms of quarters. 15 Recent work on the returns to community colleges, by far the most common postsecondary education choice for GED recipients, finds larger returns for women than for men. For example, see Jepsen, Troske, and Coomes (2014) . 16 This pattern is to be expected for individuals who take the GED test in order to attend postsecondary education. One would expect these individuals to enroll in postsecondary education soon after receiving GED certification the single and multiple-discontinuity model, but the standard errors are slightly smaller in the multiple-discontinuity model.
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In Table 4 , the dependent variable is a dummy variable equal to one when individuals complete at least one class (including non-credit classes) during the semester. The GED effects for completing a class are quite similar to the effects for postsecondary attendance, particularly for women. For men, the GED effects are between 2.7 and 4.7 percentage points in the first three semesters. Effects for later semesters are below 2.0 percentage points and not statistically significant in the single-discontinuity model, whereas, in the multiple-discontinuity model, we find statistically-significant impact estimates of 2.3 to 2.4 percentage points in semesters 4 and 5.
For women, the effects are between 3.2 and 8.6 percentage points in the first six semesters.
When the dependent variable is completing a class at any time in the 15 semesters after the first test, the GED impact is 8.8 to 10.4 percentage points for men and 16.6 to 17.8 percentage points for women.
The results for attendance and class completion suggest that, for students with test scores near the cutoff for passing, the GED has sizable impacts on getting high school dropouts into postsecondary classrooms. In Table 5 , we focus instead on the amount of human capital obtained while enrolled. The dependent variable for the first 15 rows is the number of credits completed in each semester. In the bottom row of the table, the dependent variable is the cumulative number of credits earned across all semesters.
rather than waiting. Relatively few individuals receive GED certification more than two years after taking the GED test for the first time, in part because the score is no longer valid after two years. 17 One potential explanation for this pattern of results is selection. Because we measure GED receipt at the start of each semester, the percentage of individuals with a GED increases as more individuals retake and pass the test. However, these "later" passing test takers have enrollment probabilities similar to those of individuals who pass on their first attempt -whether measured relative to point of passing or relative to the first test date. Therefore, it seems unlikely that selection due to retaking is driving the decline over time in GED effects on enrollment.
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Consistent with the results for previous tables, the GED is associated with short-run increases in credits earned. For each of the first three semesters after the GED test, the estimated GED impact is 0.23 to 0.40 credits for men and is only marginally significant in a single quarter thereafter. Effects are larger for women, 0.44 to 0.76 credits in the first three semesters and between 0.24 and 0.4 credits in the semesters 4 through 6. After this period, the GED effect is statistically significant at the 10-percent level for only one coefficient. In all the outcomes measured, the GED is associated with a short-term increase in postsecondary attendance and human capital, with no discernable effect after three years (nine semesters).
Looking at the cumulative human capital effects, measured by total credits received, the GED impact is approximately two credits for men and six credits for women. However, the effect for men is imprecisely estimated and therefore is not statistically different from zero at the ten-percent level. Because a typical class is three credits, the effect can be translated into twothirds of a class for men and nearly two classes for women. Put another way, the typical fulltime two-semester course load in postsecondary education is approximately 30 credits. In terms of years of schooling, the effects are under 0.1 years for men and 0.2 years for women. Thus, the average human capital attainment as measured by credits is extremely modest.
Our final outcome measure is the receipt of an award over the five years following the first GED test. Public postsecondary institutions offer a variety of awards, from short-term certificates (usually available only in two-year institutions) to degrees at the undergraduate and graduate levels. Table 6 contains results for three dependent variables: (1) receiving any type of award, (2) receiving an award from a two-year institution, and (3) receiving an award from a four-year institution. As indicated in Table 1 , few GED test takers receive such awards. Thus, it
is not surprising that the GED does not have a consistent, statistically significant effect on award 21 receipt. Where the dependent variable is equal to one for the receipt of any type of award, coefficients in Table 6 are 0.4 to 1.3 percentage points for men and 1.5 to 2.1 percentage points for women, and none of these estimates is statistically significant at even the 10-percent level.
Because most GED test takers attend two-year institutions, the effects are generally similar for awards given by two-year institutions; GED impacts for awards at four-year institutions are very close to zero (0.3 to 0.5 percentage points).
In Appendix Tables A2 to A4, we estimate the GED effects on attendance, course completion, and credits separately for two-year and four-year institutions. The tables only contain results from the single-discontinuity model (equations 1 and 4); results for multiplediscontinuity models are similar and are available from the authors upon request. For both men and women, the GED effects are much stronger for two-year institutions, very similar to the effects in Tables 3 through 5 for overall postsecondary education attendance and credits. As in previous tables, the effects are strongest in the first year (the first three semesters) for men and in the first two years (six semesters) for women.
There are some positive statistically significant impact estimates for four-year schools, particularly for women. The GED is associated with increased four-year attendance in some semesters in the first two years, with coefficients of 0.5 to 2.0 percentage points; the impact on attendance at any time is 4.6 percentage points. The course completion effects for women at four-year institutions are slightly weaker, with three statistically significant effects (10-percent level) in the first six semesters. The coefficients are at most 1.7 percentage points for four-year schools, compared with effects as large as 7.7 percentage points for two-year schools. For credits, there are significant effects in semester 3 (0.13 credits) and 6 (0.15 credits), although the latter effect is only significant at the 10-percent level. For men, the few significant results for 22 four-year schools appear to be the result of randomness rather than evidence of consistent, nontrivial impacts of the GED on postsecondary outcomes at four-year schools.
Generalizing Results
As with any FRD design, our effect estimates are for compliers at the threshold, that is, test takers whose ultimate receipt of GED certification is determined by whether their initial score is above or below the threshold. If the impact is appreciably different for "always takers"
(those who get certification regardless of whether they are above or below the threshold) or "never takers" (those who fail to obtain certification regardless of whether they are above or below the threshold), this estimate may not reflect their returns. Similarly, if those who obtain scores far above the threshold gain more or less from GED certification, our estimates may be misleading.
Interpreting the FRD as an instrumental variables estimator, we can address the question of whether GED certification is endogenous with a Hausman test. Results are presented in Appendix Tables B6 to B9 . When we consider the likelihood of attendance in the first two or three semesters after taking the test, we find that for both men and women the test generally fails to reject the hypothesis that certification is exogenous. 18 However, for semesters after the initial year, the Hausman test rejects the exogeneity hypothesis at the ten percent level more than half of the time, and it rejects exogeneity for our cumulative measure of whether the individual ever attended a postsecondary institution. This means that the attendance differences after the first year between those who obtain certification and others do not represent the causal impact of GED certification. The same pattern of results occurs for course completion and course credits.
The Hausman test does not reject the exogeneity assumption for the degree completion measures.
The failure to reject exogeneity in earlier semesters suggests that these results may generalize beyond compliers. Bertanha and Imbens (2014) note that if the assignment to treatment is independent of the outcome, then results obtained in the model will also apply to the full population. In this case, not only will the Hausman test fail to reject the exogeneity, but independence implies a pair of restrictions, which they suggest as a test for the generalizability of the FRD. Specifically, independence implies that untreated compliers and never takers have the same distribution of the outcome in the neighborhood of the threshold, and that treated compliers and always takers have the same distribution of the outcome. The easiest way to undertake this comparison is to examine the discontinuity in the outcome measure at the threshold conditional on treatment.
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As suggested by the Hausman tests, in our model this comparison suggests that independence is likely to be satisfied for early semesters. In most cases, for both men and women, during early semesters we are unable to reject the hypothesis that untreated compliers and never takers have the same mean outcome and that treated compliers and always takers have the same mean outcome. 20 Based on this comparison, our finding that the GED leads to 19 It is easy to show that where 0 is the discontinuity in the dependent variable for untreated cases at the threshold, the difference in average outcome for never takers and untreated compliers may be written as 0 − 0 = 0 / 0 , where 0 is the proportion of compliers among untreated cases just below the threshold. Similarly, the difference in average outcome between treated compliers and always takers may be written as 1 − 1 = 1 / 1 , where 1 is the discontinuity for treated cases, and 1 is the proportion of compliers among treated cases just above the threshold. 20 The exception for males is that we observe that, in semester 2, course completion for compliers is lower than that for never takers, and that in semesters 2 and 3 credits earned for compliers are lower than for never takers. For females, the exception is that in semester 1 credits earned for compliers are lower than for never takers. substantial increases in postsecondary attendance and course completion in the semesters following the first test appears likely to generalize.
In semesters after the first year, we find that the comparison between treated compliers and always takers often indicates significant differences, and in each case these suggest that compliers are less likely to attend postsecondary institutions. This negative selection implies that always takers are more likely to attend postsecondary school by more than five percentage points among men in some semesters, and by over ten percentage points among women. These findings provide the underlying rationale for use of the FRD design, as the failure of independence implies that the simple difference between treated and untreated cases does not identify the impact of treatment.
Focusing on the later semesters, although these results reject one model in which our results would naturally generalize, failure of this model does not necessarily imply the converse.
In particular, it is possible that, even in the presence of the kinds of selection we observe, the effect of the GED does not differ across groups.
There is no direct way to test how GED certification would influence always takers and never takers, but DiNardo and Lee (2011) suggest that if we are willing to make distributional assumptions in a simple -but quite general -model of treatment choice, it is possible to estimate the average treatment effect for the full population based on the estimate produced by our FRD.
They provide an explicit formula for the average treatment effect in the case where the treatment and instrument are dichotomous, where participation in the treatment is determined by an arbitrary factor that may be correlated with the values of the potential treated and untreated outcomes, which are assumed to vary across individuals, and where unmeasured determinants of the outcome variable and the treatment are assumed normal. Their model allows for the possibility that effects for compliers are very different than for others, reflecting the fact that the choice to receive the treatment may be based on expected benefits.
Because their methods are not adapted to allow for exogenous independent variables, in order to adopt their approach, we re-estimated the effect of GED certification in a model excluding the test score as well as all other covariates. We choose a sufficiently short bandwidth that estimates correspond as closely as possible to those reported above for our preferred models, but for which precision is not too seriously compromised. The basic pattern of estimates produced by this simplified model is essentially the same as we report above for our preferred models, with few differences exceeding a standard error of our reported single-threshold model. 21 We find that estimates based on the DiNardo and Lee (2011) methods for average treatment effect, which takes account of the selection of compliers, differ very little from those we obtain with our simplified FRD model. 22 These results imply that, notwithstanding potentially important differences between compliers and others, as suggested by the tests reported above for semesters after the first year, the effects of GED certification for compliers provide a good estimate of effects in the full population whose first test scores are near the passing threshold.
Aside from the important assumptions implicit in these methods, it is worth stressing that they apply to analyses which, by design, omit test takers who are far from the threshold. Hence, although these results increase our confidence that our results are likely to apply to the full population of compliers, never takers and always takers near the threshold, they do not indicate the extent to which results may be generalized to the large majority of test takers who receive scores well above the passing threshold.
As noted above, the GED certification during the first year after the initial test passes the independence assumption at the threshold, consistent with the simple model of constant effects across group. One might question how useful this test is for those far from the threshold, as it may appear plausible that high scorers benefit more from the GED because they are most likely to attend postsecondary schooling. Although we cannot test this possibility directly, we might expect that GED certification would be particularly strongly associated with postsecondary attendance for those with higher initial tests score. In fact, our tabulations show that the relationship between postsecondary attendance and GED certification does not increase with higher test scores.
23
VII. Conclusion
This paper investigates the relationship between GED receipt and multiple measures of postsecondary education. We use a fuzzy regression discontinuity method to estimate plausibly causal effects of the GED for individuals who have test scores near the threshold for passing the first time they attempt the GED test. We use a single-discontinuity model based on the overall test score and a multiple-discontinuity model that includes the overall test score and lowest subtest score discontinuities. The results are quite similar for the two approaches. 23 Appendix Table B10 provides information on postsecondary attendance and GED receipt by initial test score. The relationship between GED certification and attendance does not vary in a systematic across those with differing test scores. Of course, among those who obtain test scores substantially above the threshold, only a very small -and possibly unrepresentative -proportion of individuals fail to receive certification.
We find large effects of the GED on the likelihood of attendance and class completion, especially at two-year institutions. The effects are roughly twice as large for women as for men.
For example, the GED increases attendance in semester 2 by 4.7 percentage points for men and 9.6 percentage points for women (Table 3 ). The effects for credits completed are modest. In a given semester, on average the GED increases credits by no more than 0.4 credits for men and 0.8 credits for women. The cumulative impact on credits for the five years following the first test is around two credits (although not statistically different from zero at the ten-percent level)
for men and six credits for women. We do not find that the GED has a statistically significant effect on receipt of a postsecondary award.
We undertook several tests to determine whether our results are likely to generalize beyond the class of individuals for whom the FRD formally applies, compliers with first test scores at the passing threshold for GED certification. Our results suggest that estimates of effects of GED certification on postsecondary attendance in the first year after the initial test are likely to be quite robust, and may well be applicable to individuals in the full population, including those with scores well above the passing threshold. Estimates of GED effects after the first year may be less broadly applicable, but we find results suggesting that they likely apply at least to the full population of individuals with scores near the passing threshold-not merely compliers.
The pattern of results suggests that the GED is useful in helping individuals enroll in postsecondary institutions. This result is expected given that many postsecondary institutions require a GED (or high school degree) in order to enroll of their programs. However, the GED has much less pronounced effects on the amount of human capital obtained at these institutions.
The modest increase in the number of credits earned after five years -approximately six credits 28 for women and two credits for men -are unlikely to produce large labor-market effects. Our results provide valuable insight into the findings in Jepsen et al. (2016) , who report that the GED has a significant positive effect on postsecondary school attendance for several quarters after first taking the GED but little effect on employment or earnings. Combining the results in that paper with the results in this paper, the GED appears to provide little if any "signaling" value.
Furthermore, the labor-market provides essentially no reward for the small amount of college credits obtained by GED recipients.
Our results are broadly consistent with results reported by Heckman et al. (2014) showing that high school dropouts who take and pass the GED tend to have relatively strong cognitive skills but relatively weak noncognitive skills, accounting for why they are able to pass a standardized test such as the GED but are not able to complete high school or obtain steady employment. Our results show that people who have the ability to pass the GED also have the ability to complete a postsecondary course but not an entire course of study to obtain a degree.
Given these results, it is unlikely that the recent changes in the GED would produce different results. It remains the case that understanding how to increase the human capital attainment of GED recipients -through increased postsecondary attendance and increased duration of attendance -is vital to improving their future labor-market success. Note. -Each combination of a coefficient and standard error is from a separate regression. In each regression, the number of observations is 39,332 for men and 37,207 for women. * Significant at 10% (two-sided test). ** Significant at 5% (two-sided test). Note. -Semesters are measured as time since first GED test. Each combination of a coefficient and standard error is from a separate regression. For each semester and gender, the number of observations matches the number of observations in Table 1 . Note. -Semesters are measured as time since first GED test. Each combination of a coefficient and standard error is from a separate regression. For each semester and gender, the number of observations matches the number of observations in Table 1 . 
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